Initial 87Sr/86Sr ratios have been determined for a representative suite of Upper Cretaceous granodiorites and associated rocks from the Above Rocks composite stock in central Jamaica and the Terre-Neuve pluton in northwestern Haiti. The average initial 87Sr/86Sr ratio for severn samples of the Terre-Neuve intrusion is 0.7036, with a range of 0.7026-0.7047. For two samples of the Above Rocks the initial ratios are 0.7033 and 0.7034. A third sample from this intrusive has an initial ratio of 0.7084, which is tenatively attributed to contamination. The initial 87Sr/86Sr ratios indicate that neither ancient sialic crust nor sediments carried down a Benioff zone can be the primary source of the granodioritic magma. K/Rb ratios for these rocks range from 178 to 247, which are much lower than the average values (~>1000) for tholeiitic basalts. It is concluded that the magmas originated primarily by melting of downthrust oceanic crust or adjacent mantle material.
Introduction
Intrusive rocks form an important part of the crust of the Greater Antilles and the Nicaraguan Rise [1] . Regional mapping and petrologic studies [2] [3] [4] have confirmed the early generalization [5] that most of the intrusive rocks in the Greater and Lesser Antilles are of quartz-dioritic (tonalite) composition. A group of Late Cretaceous granodioritic complexes, presently known to include the Above Rocks (Jamaica), the Terre-Neuve (Haiti) and the Utuado (Puerto Rico) stocks, provide a striking exception to this generalization and must be considered to be significant features in any scheme for the tectonic or petrologic evolution of the Greater Antilles. The chemical similarity of these three intrusions is of greater significance because of their close similarity in ages. Radiometric dates, mainly K-Ar, for the intrusions range from 62 to 66 m.y. [6] [7] [8] [9] [10] .
These granodiorites consist of early-crystallized plagioclase, hornblende, and biotite with later interstitial sodic plagioclase, K-feldspar, and quartz.
Chemical analyses of samples from these intrusions [9, [11] [12] [13] clearly distinguishes them from island arc tonalites. Major elements show a typical calc-alkaline trend, but the rocks are decidedly higher in K20 and lower in SiO2 compared with the other quartz-dioritic and tonalitic plutonic complexes in the Antilles. Donnelly et al.
[11 ] distinguished two chemically distinct groups in the eastern West Indies: (1) an older "chemically primitive" pre-Middle Cretaceous group, mainly spilites and keratophyres, from the Virgin Islands, and (2) a "chemically more evolved" group dominant during the Middle Cretaceous to Recent. The latter group included the common basalts, andesites, and dacites of the Lesser and Greater Antilles as well as the plutonic rocks discussed here.
Since the early work of Faure and Hurley [14] , the isotopic composition of strontium, conveniently expressed as the 87Sr/86Sr ratio, has been found to be a useful parameter in the understanding of the origin of igneous rocks and can provide information about the geologic processes that have affected their chemi- cal composition. It has become increasingly clear that the isotopic composition of strontium in igneous rock of island arcs has not evolved through a single stage process from a primordial source but probably involves the sum of a number of processes. Multistage processes for the evolution of the isotopic composition of both strontium and lead have been proposed during the past few years (e.g. [15] [16] [17] [18] ). Most of the measurements of the isotope composition of strontium in the Caribbean have been made on volcanic rocks from the Lesser Antilles and from Puerto Rico and the Virgin Islands in the Greater Antilles. With few exceptions, most of the reported initial 875r/86Sr ratios for the Lesser Antilles lie in the range 0.703-0.705 [ 11, [19] [20] [21] , i.e., values similar to those generally found for volcanic rocks in other island arc provinces.
We are reporting the isotopic composition of strontium in representative samples from the highpotassium granodioritic intrusives. Seven samples from the Terre-Neuve stock in Haiti and three samples from the Above Rocks intrusion, Jamaica, were analyzed. The location of the intrusions are shown in Fig. 1. 
Analytical methods
The strontium was isolated from the whole-rock samples using HF-HNO3-H2S04 dissolution and cation-exchange chromatography in a HC1 medium with 89Sr tracer. The 87Sr/a6Sr ratios were determined in a two-stage, 12-inch radius, 90°-deflection solid-source mass spectrometer located at the Oak Ridge National Lab0ratory. The instrumentation has been described by Cameron et al. [22] . Results of the isotopic analyses are in Table 1 .
The rubidium and strontium concentrations were determined (Table 1) in duplicate by X-ray fluorescence, using a Philips Model PW-1410 X-ray spectrometer, with LiF (220) analyzing crystal, scintillation counter, and molybdenum target tube. Matrix corrections were made by monitoring the MoKa peak.
Discussion of the results
The present-day and initial 87Sr/a6Sr ratios for the suites of samples from the Above Rocks and TerreNeuve stocks show remarkably low values (Table 1) . Initial 87Sr/86Sr ratios for the seven samples from the Terre-Neuve suite range from 0.7026 to 0.7047 and average 0.7036. Two samples from the Above Rocks pluton are 0.7034 and 0.7033 and are indistinguishable from the ratios for the Terre-Neuve samples. Sample R-142 exhibits an anomalously high initial ratio of 0.7084. This sample is similar in both field occurrence and petrographic appearance to all of the other samples and we cannot account for its higher ratio at this time. (Table 2) . Because there is no continental sialic material to serve as a source for potassium, Donnelly et al. [11] suggested that this element has been incorporated from sea-floor sediments of continental origin into the magma rising from a melting process beneath the arc. The low initial aTSr/S6Sr ratios reported here for these rocks argue against this hypothesis. The rubidium content is also high in these rocks and it might be considered that there is a relationship between 87Sr/a6Sr and Rb/Sr ratios. Such is not the case, however, and in the Above Rocks complex variations in the Rb/Sr appear to be related to crystal fractionation processes occurring during the differentiation of the magma, presumably at a high level in the crust. K/Rb ratios are relatively low (Table 2) , certainly much lower than average values for tholeiitic basalts in which the ratios are generally in the range of 1000 or greater [23] , further suggesting that these trends are determined by crystal-liquid fractionation processes rather than by assimilation or contamination.
Conclusions
The results of this study indicate that a group of granodioritic intrusive rocks with initial 87Sr/a6Sr ratios less than 0.704 were emplaced about 60 m.y. ago. The significance of this data is two-fold. First, these rocks contrast greatly with other intrusive rocks for which similar low initial 87Sr/a6Sr ratios have been obtained. In studies of the Sierra Nevada, for example, Kistler and Peterman [24] have shown that the intrusive rocks with the low initial ratios in this complex are trondjhemites and tonalites with markedly lower K20 abundances than the Greater Antillean granodiorites. Thus, relatively potassic-rich rocks can apparently develop in oceanic island arcs as well as in continental settings. Secondly, it follows that these high-K20 intrusions must be accounted for in any model proposed for the generation of island arc magmas. Our data constrain such models in that the low initial STSr/a6Sr ratios and low concentrations of strontium place relatively low limits on the amount of oceanic sediment (which would have a higher 87Sr/a6Sr ratio) that can be incorporated into the magma. It appears, instead, that these granodiorites were derived in large part from melting of downthrust oceanic crust or adjacent mantle material.
